Alzheimer\'s disease (AD) is the most common form of dementia worldwide among the older population. To date, there is no therapy to stop the destruction of brain cells and all the available treatments only compensate for the loss of synaptic transmission, thus resulting in marginal benefits to patients.

To prevent brain cell loss, we need to identify and understand the exact causes of the disease. One of the most studied theories is the amyloid hypothesis on either the overproduction of the amyloid-β (Aβ) peptide species, or impairment of the mechanism that usually clears it from specific regions of the brain, or both, triggers the disruption and damage of brain cells. Aβ contributes to the formation of intracellular tangles made up of a protein called tau, that together with extracellular Aβ contributes to the symptoms of dementia, and to the development of AD. Mechanistically, Aβ is derived from the sequential proteolysis of a large transmembrane protein called amyloid precursor protein (APP). Cleavage of APP by the β-site APP cleaving enzyme 1 (γ-secretase) generates the C-terminal fragment C99 that can be subsequently cleaved by γ-secretase to produce Aβ (Bustamante et al., 2013). Despite the significant effort in the design of a treatment to prevent Aβ formation by interfering with β- and γ-secretase activities, these strategies have failed due to several side effects caused by the inhibition of the proteolytic processing of a variety of substrates, other than APP. In contrast, a recent study reduces the possibility of Aβ formation and promising strategy explored a different possibility, which is by enhancing the clearance of APP and/or C99 (Tian et al., 2011). Our recent work supported the aforementioned conclusion and highlighted the crucial role of the endoplasmic reticulum (ER) in the process (Cavieres et al., 2015). Here we propose that positive regulators of ER autophagy-related responses, such as tetrahydrohyperforin, are promising niches for the discovery of future therapies against AD.

**Tetrahydrohyperforin prevents cognitive deficits in an AD model: possible mechanism links clearance of APP by the activation of autophagy at the ER:** A recent study from our group using a neuroprotective semisynthetic derivative of hyperforin, the active molecule in the St John\'s Wort plant (Hypericum perforatum) called tetrahydrohyperforin (IDN5706), has demonstrated that this compound prevents the neuropathological changes in a mouse model of AD. Specifically, it induces long-term potentiation (LTP) and prevents AD-associated loss of spatial memory, reduces tau hyperphosphorylation, and decreases Aβ peptide levels (Inestrosa et al., 2011). In an effort to elucidate the molecular mechanism that could explain the beneficial effects of this compound, we recently showed that IDN5706 targets the ER for autophagy activation, triggering entry of immaturely glycosylated, newly-synthesized APP (iAPP) in ER-associated structures, which favors its degradation by Atg5-dependent autophagy, leading to inhibition of Aβ peptide formation (Cavieres et al., 2015).

Autophagy, a major lysosomal degradative pathway, has been extensively studied in age-related neurodegenerative disorders, such as AD, due to its strong connection between aging and the progressive deterioration in the proteostatic capacity of the brain. Although, induction of autophagy delays aging, reduces the risk of neurodegenerative disorders and neuronal dysfunction in animal models, the underlying mechanisms still remain poorly understood. In this context, our recent findings with the neuroprotective compound IDN5706 revealed that the ER could be a major regulator for autophagy activation, necessary to promote the clearance of APP upon perturbations in its glycosylation (Cavieres et al., 2015), strongly supporting the hypothesis that autophagy could play a key role in quality control of the ER.

**The ER connects with lysosomes in alert conditions:** Several recent studies support the idea of a functional crosstalk between the ER and lysosomes. While constitutive pathways play a well-known role in controlling ER homeostasis (**[Figure 1](#F1){ref-type="fig"}**), a growing number of reports indicated that ER activates a variety of cellular responses under conditions that disrupt ER proteostasis, such as perturbations in glycosylation, triggering rescue responses necessary to mitigate cellular damage (**[Figure 2](#F2){ref-type="fig"}**). Taken together, this indicates that the ER plays a crucial role in quality control (ERQC) of newly synthesized proteins, a key step for the maintenance of cellular homeostasis. For instance, whereas ERQC "proof-reads" native proteins before delivering them into the secretory pathway, ER-associated degradation (ERAD), a constitutive mechanism, delivers proteins for cytosolic degradation by the proteasome through the well-defined ERAD pathway, a response that has been confirmed to participate in the regulation of APP and C99 cellular levels (Bustamante et al., 2013). Another well-known characterized pathway is the unfolded protein response (UPR) that induces the expression of a variety of chaperones and proteins in response to ER stress that aims to recover ER status and proteostasis balance. Additionally, ER stress conditions induce a specific type of autophagy that selectively targets ER membranes. This process is termed ER-Phagy and plays a crucial role in ERQC from yeast to humans (Khaminets et al., 2015). It participates in the removal of damaged proteins and redundant parts of the ER, thus contributing to the maintenance of ER homeostasis and neuronal viability (Khaminets et al., 2015). Interestingly, carbamazepine (CBZ), an autophagy-enhancing drug, has been proven to enhance the degradation of mutant α1-antitrypsin (ATZ), a protein that is otherwise abnormally retained in the ER of liver cells. CBZ-induced clearance of mutant ATZ is dependent on Atg5, a protein that has been shown to be recruited to ER membranes to control autophagosomal formation and ER-Phagy. Similarly to CBZ, we recently showed that degradation of iAPP induced by IDN5706 treatment is also dependent on Atg5 levels (Cavieres et al., 2015). Finally, another autophagy-like mechanism, distinct from macroautophagy, is known as ERAD tuning, a pathway involved in the formation of ER membrane vesicles decorated by nonlipidated LC3 at their cytosolic face, called EDEMosomes. These membranes segregate a variety of ERAD factors for further degradation in lysosomes to avoid premature interruption by early degradation through ERAD. A variety of viruses, classical ER stressors, evade immunological surveillance by hijacking host cell ERAD machinery, which allows for efficient viral production and persistency. In this regard, it has been described that Coronaviruses (CoV) sequester ERAD regulators and EDEMosomes for their own replicative process, affecting ERAD and the ERAD tuning pathway. Our recent findings with IDN5706 indicated that the reduction of the ER degradation enhancer, mannosidase alpha-like 1 (EDEM1), a key ERAD factor, could also function as a cellular response to assure degradation of immaturely glycosylated proteins by the lysosomes (ER-phagy), instead of by the proteasome (ERAD), a hypothesis still under investigation. Interestingly, overexpression of a key protein of ER-Phagy recently identified, FAM134B (Khaminets et al., 2015) resulted in ER fragmentation and lysosomal degradation. In contrast, downregulation or expression of mutant FAM134B proteins resulted in sensitization of sensory neurons to neurodegeneration (Khaminets et al., 2015). Altogether, these results suggest that ER-autophagy related responses could play unexplored functions in ERQC, which regulates levels of proteins such as APP under normal and pathological conditions. This could be crucial for avoiding deterioration of neuronal function and the development of AD.

![Summary of the constitutive pathways at the endoplasmic reticulum (ER) that control proteostasis.\
Unfolded newly-synthesized proteins are assisted by chaperones to promote their exit from the ER or recruited by endoplasmic reticulum-associated protein degradation (ERAD) factors for ERAD.](NRR-11-242-g001){#F1}

![Summary of the endoplasmic reticulum (ER) stress responses.\
ER stress conditions activate the unfolded protein response (UPR) to promote expression of chaperones and ER-associated degradation (ERAD) factors that rescue ER function. Moreover, ER stress induces the formation of autophagosomes at the ER, a pathway named as ER-related autophagy, dependent on the recruitment of Atg5 and LC3-II. In addition, it triggers the biogenesis of EDEMosomes, a pathway known as ERAD tuning.](NRR-11-242-g002){#F2}

**Autophagy activation as a helper for healthy brain function:** To date, increasing evidence supports a key role of autophagy for healthy brain function. The most compelling findings show that expression of Atg5 has been manipulated in animal models. Atg5-deficient mice displayed abnormal accumulation of cytoplasmic ubiquitin-positive inclusions, a phenotype that correlates with progressive neurodegeneration in different regions of the brain, including the cerebral cortex and hippocampus (Hara et al., 2006). On the contrary, overexpression of Atg5 in mice showed a significant increase in LC3 levels in the brain, a feature indicative of autophagy activation that has been proven to extend lifespan (Pyo et al., 2013). In addition, studies with the mTOR signaling pathway, a serine/threonine kinase that is recognized as a major negative regulator of autophagy in the nervous system, support the same conclusion. In this context, reduction of mTOR signaling by chronic administration of rapamycin has been demonstrated to extend lifespan in model organisms and confers protection against AD (Harrison et al., 2009). Our recent findings indicate that mTOR inhibition is also implicated in the activation of autophagy by IDN5706, suggesting that regulation of ERQC by ER autophagy-related mechanisms could also be regulated by mTOR signaling, a possibility that remains unexplored at present. In this respect, it will be interesting to explore whether inducers of ER autophagy-related mechanisms, including IDN5706, can extend lifespan in animal models.

**AD: the hypothesis of an autophagy-related disease:** To date, there is evidence indicating that AD brains present wide alterations of autophagy. Indeed, the observation of a massive accumulation of autophagic vacuoles (AVs) in abnormally swollen neurites was the first evidence that supported this conclusion. In addition, it has been demonstrated that enhancing lysosomal function ameliorates the cognitive deficits in animal models of AD, indicating that autophagy failure contributes to AD pathogenesis (Boland et al., 2008). However, it is still unclear what the real contribution of autophagy to the development of AD is. Is it triggered because of a dysfunctional autophagy pathway or due to the accumulation of specific substrates that are not efficiently eliminated? In any case, these possibilities seem to be implicated in the destruction of the neuronal cells in AD brains. Interestingly, recent evidence supports the role of autophagy in the clearance of APP and C99, two unexpected autophagy substrates (Tian et al., 2011; Cavieres et al., 2015). Moreover, our recent work opens the opportunity to explore the contribution of the ER in the activation of autophagy and its functional role in the early clearance of APP and control of Aβ formation. We propose that IDN5706 is an attractive molecule to identify key molecular players necessary for the activation of these early responses, which can lead to the development of drugs to treat AD.
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